Coronary artery spasm plays an important role in the pathogenesis of various ischemic heart diseases or serious arrhythmia. The aim of this study is to look for functional foods which have physiologically active substances preventing 5-hydroxytryptamine ( 
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Food & Function www.rsc.org/foodfunction or lost during the operation. 5 There is a general agreement that the etiology of SVG diseases may be caused by the endothelial dysfunction and subsequent platelet aggregation. 7, 8 Therefore, the use of substances that have anti-platelet activity may contribute to the reduction in the incidence of periand postoperative ischemic complications. Recently, accumulating evidence has suggested that anti-platelet therapy is beneficial for maintaining graft patency and blood flow. [9] [10] [11] The activated platelets release chemical mediators, such as adenosine diphosphate, thromboxane A 2 , and 5-hydroxytryptamine (5-HT), that further activate peripheral platelets and constrict a blood vessel.
Among these mediators, 5-HT has been identified to play a critical role also in the pathogenesis of vascular spasm. 5, [12] [13] [14] [15] Ocean resources are common foodstuff in the Japanese diet and are considered beneficial for human health. The worldwide consumption of seafood has increased owing to the rising interest in its health benefits, especially in the economically advanced countries. Historically, many molecules that contribute to the preservation of health have been identified from ocean resources. In particular, fish oil, which contains a large amount of n-3 polyunsaturated fatty acids, is the most investigated bioactive ingredient. 16, 17 So, we have conceived this study in order to examine the further availability in health benefit of seafood. The aim of this study was to look for functional foods which contribute to prevent To visualize the 5-HT 2A receptor in viable cells, pTriEx4neo-5HT 2A -mECFP -an expression   plasmid encoding the cyan fluorescent protein-fused 5-HT 2A receptors (5-HT 2A -CFP)-was   constructed as previously described   18 , except for the use of CFP instead of YFP.
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Fluorescence measurements in HEK293 cells
HEK293 cells were maintained using the method by Nakai et al. 19 To express 5HT 2A -CFP, the cells were transfected with pTriEx4neo-5HT 2A -mECFP (1 µg/3.5-cm dish) using -sensitive fluorescent dye, and 50 nM 5-HT was bath-applied.
Images were taken at 5-s intervals, as previously described.
18,19
Preparation of blood vessels and contractile studies Human SVs were obtained from patients who had undergone CABG at the Miyazaki Prefectural Nobeoka Hospital (Miyazaki, Japan) or surgical varicose-vein treatment at the Kuwabara Clinic (Miyazaki, Japan). In the Miyazaki Prefectural Nobeoka Hospital, portions of each SV were sectioned into the desired lengths for bypassing the occluded coronary arteries, and the remainders were used for the experiments. In the Kuwabara Clinic, portions of SV with varicose-veins in the lower extremity were sectioned during surgical treatment. We used only tiny portions of each SV that were not extended. After each vein was obtained, it was immediately placed in a modified Krebs buffer, which had been previously aerated with 95% O 2 -5% CO 2 , and transported to our laboratory.
The composition of the modified Krebs buffer solution was as follows (in mM): NaCl, 118.0; KCl, 4.7; NaHCO 3, 25.0; MgSO 4, 1.2; KH 2 PO 4, 1.1; CaCl 2, 2.5; EDTA, 0.01; and glucose, 11.0. The final pH of the buffer was adjusted to 7.4. The ring segment of the SV was prepared as described previously. 20, 21 The SV vessel was carefully sectioned into 2-mm rings, which were mechanically denuded of endothelium. Each ring was suspended between stainless steel hooks in a 5-mL organ bath containing the modified Krebs buffer maintained at 37°C and continuously aerated with 95% O 2 -5% CO 2 . One hook was connected to a force transducer (Nihon-Kohden, Tokyo, Japan) to record the isometric tension in a computer system (PowerLab8/30, Bio Research Center Co., Ltd., Nagoya, Japan). The SV ring was stretched progressively to obtain the optimal resting tension (2.0 g) and allowed to equilibrate for 1 h. The buffer was changed every 30 min. Thereafter, the ring segment was assessed for the presence of any functional endothelium.
The SV ring was washed twice with the fresh modified Krebs buffer solution and preincubated for 30 min in the presence (ranging from 0.0003% to 0.003%) or absence of crude water-soluble jack-knife prawn extract (WJPE). Subsequently, the ring was stimulated by adding 30 µM 5-HT, and isometric contractive tension was monitored. The constriction of each ring was evaluated as a percentage of the constriction of WJPE-untreated control.
Purification of the WJPE
Purification of the crude sample was performed by HPLC with a reverse-phase column (6.0 i.d. × 250 mm; Capcell Pak UG120 C18, Shiseido Co., Tokyo, Japan), using a linear gradient elution system from H 2 O to 80% acetonitrile for 40 min (injection amount, 1 mL of 30 mg/mL; flow rate, 4 suspension mixture was continuously stirred with a magnetic stirrer bar through the assay.
Ethics
Both of the ethics committees of the Miyazaki Prefectural Nobeoka Hospital and Kyushu
University of Health and Welfare approved this study. Number of acceptance is 10-005 (study using human platelet) and 09-004 (study using human saphenous vein). All the patients and healthy volunteers submitted written consent to participate in the study. These experiments were performed in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki)
for Experiments Involving Humans.
Statistical analysis
All the data are presented as mean ± standard error of the mean (SEM). In the fluorescence assay influx. On the contrary, among the other extracts, only the Hymenocephalus lethonemus extracts significantly enhanced the maximal Ca 2+ influx (Fig. 1C) . The inhibitory effect of the crude WJPE on the Ca 2+ influx was concentration-dependent (Fig. 1D) .
Effects of crude WJPE on 5-HT-induced vasoconstriction
Next, we investigated the inhibitory effect of crude WJPE on endothelium-denuded human SV constriction induced by 30 µM 5-HT (Fig. 2) . The maximal 5-HT-induced constriction of SV treated with 0.0003%, 0.001% or 0.003% was 91.6%, 66.6% or 55.1% of untreated control, respectively.
Concentrations above 0.001% crude WJPE significantly inhibited 5-HT-induced SV constriction.
Effects of purified WJPE on 5-HT-induced platelet aggregation
Dissolved crude WJPE with distilled water is colored solution and is unsuitable for our platelet aggregation test. It is because we examine platelet aggregation by an optical-density method. So, we used purified WJPE for evaluation of its inhibitory effect on the platelet aggregation. The crude WJPE was fractioned by HPLC, and additional assessment of each fraction for the response to 5-HT was performed (data not shown). The fractions collected from retention times of 9-12 min, when the strongest reactivity was achieved, were subjected to the following studies as purified WJPE.
Then, we investigated the effect of purified WJPE on human platelet aggregation induced by 1.0 µM 5-HT. The purified WJPE pretreatment significantly reduced the platelet aggregation in a concentration-dependent manner (Fig. 3) . Notably, pretreatment with 0.3% purified WJPE inhibited the platelet aggregation almost completely.
Discussion
In the present study, we found that WJPE reduced the response to 5-HT using the screening HEK293 cells, and the effects were observed to be concentration-dependent (Fig. 1D) . Based on these results, we decided to investigate and evaluate the inhibitory effects of the WJPE on 5-HT-induced vasoconstriction and platelet aggregation in humans.
The WJPE inhibited the 5-HT-induced vasoconstriction (Fig. 2) in a similar way to 5-HT-induced Ca 2+ entry into 5-HT 2A -CFP-expressing HEK293 cells (Fig. 1D) . These results suggest that the screening method using 5-HT 2A -CFP-expressing HEK293 cells is an excellent way to estimate the effect of water-soluble materials on the 5-HT-induced responses. Platelet aggregation induced by 5-HT was also inhibited by purified WJPE, however, the concentration and pretreating time of WJPE was substantially different from vessel contractile studies. The reactivity of platelet samples decrease rapidly with time, so in this study, we pretreated platelet samples with WJPE for only 5 minutes. On the other hand, human SV samples were pretreated with WJPE for 30 minutes because of the reactivity of blood vessel is maintained for a long period of time. In our present study, the WJPE concentration that had a significant effect on 5-HT-induced vasoconstriction of SV and platelet aggregation is 0.001% of crude extract and 0.1% of purified extract, respectively (Fig. 2, 3) . One of the reasons that higher concentration of WJPE is required to indicate the inhibitory effect on the platelet aggregation than the vascular constriction may be due to the short treatment time. The mechanisms of inhibitory effect of WJPE on the platelet aggregation and the vasoconstriction still marine fishes. 25 In our present study, we used aqueous jack-knife prawn extract. N-3 polyunsaturated fatty acids are lipophilic constituents and cannot be easily contained in aqueous extract. Therefore, the inhibitory effects of the WJPE on 5-HT-induced platelet aggregation and vasoconstriction demonstrated in this report were not induced by n-3 polyunsaturated fatty acids. Dietary shrimp consumption is effective for the prevention of ischemic heart diseases because it warrants the synergistic effects of n-3 polyunsaturated fatty acids and WJPE. 26 In conclusion, we found that the aqueous constituents of the WJPE have inhibitory effects on 5-HT-induced vasoconstriction and platelet aggregation in humans. Jack-knife prawn is regularly-consumed shrimp for a long time in Japan. The mutagenicity and toxicity except in the case of anaphylaxis have never caused a problem. Therefore, jack-knife prawn could be one of a functional food with health-promoting benefits for most people with cardiovascular disorders including patients who have gone CABG. We hope that the results of this study lead to development of a remedy for cardiovascular diseases. as 100%. The values are expressed mean ± SEM (n=5).*P < 0.05, versus the control.
